A total of 221 isolates of multidrug-resistant Salmonella enterica serovar Typhimurium in Japan were characterized in the present study. The results revealed that clonal serovar Typhimurium definitive phage type 104 strains prevailed and that these strains had drug resistance patterns, integron types, and pulsed-field gel electrophoresis patterns similar to those predominant among isolates in Western countries.
Infection with Salmonella enterica has been recognized as a major public health concern in developed countries. Recently, a multidrug-resistant Salmonella enterica serovar Typhimurium strain with definitive phage type 104 (DT104) has emerged and spread over Western countries (2, 6, 13, 15) . The dominant resistance type of such strains is ACSSuT; that is, they are resistant to ampicillin, chloramphenicol, streptomycin, sulfonamides, and tetracycline, and the resistance is encoded by chromosomally located genes containing class 1 integron structures (3).
Although we have reported on the isolation of multidrugresistant serovar Typhimurium strains in Japan (8) , in the study described here we further analyzed the strains by pulsed-field gel electrophoresis (PFGE) and PCR for detection of integrons as well as by bacteriophage typing and antimicrobial susceptibility testing to investigate the relationships of S. enterica serovar Typhimurium DT104 strains and other isolates.
A total of 221 isolates of S. enterica serovar Typhimurium resistant to more than two antimicrobial agents were used in the present study. One hundred forty-seven isolates were from human sources and were involved in 14 outbreaks and 133 sporadic cases of infection; they were isolated between 1980 and 2000 and had no epidemiological relationship to each other. Seventy-four isolates were from nonhuman sources including cattle, poultry, pigs, and the environment and were isolated between 1981 and 2000.
Antimicrobial susceptibility tests were done by the disk diffusion method on Mueller-Hinton II agar (Becton Dickinson Microbiology Systems, Cockeysville, Md.) by the standard methods outlined by the National Committee for Clinical Laboratory Standards (11) . Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 25923 were used as quality control strains. Disks with the following antibiotics (abbreviations; diffusible amounts) were provided from a commercial source (Becton Dickinson Microbiology Systems): ampicillin (A; 10 g), chloramphenicol (C; 30 g), streptomycin (S; 10 g), tetracycline (T; 30 g), ciprofloxacin (Cip; 5 g), kanamycin (K; 30 g), cefotaxime (Ctx; 30 g), sulfamethoxazole-trimethoprim (Sx; 23.75 and 1.25 g, respectively), trimethoprim (Tm; 5 g), gentamicin (G; 10 g), nalidixic acid (N; 30 g), and sulfisoxazole (Su; 250 g). Resistance was determined according to reference zone diameter interpretive standards (11) . The results are summarized in Table 1 . The ACSSuT type of resistance, the major type in DT104 strains, was the most predominant (n ϭ 93), followed by ACSSuTK (n ϭ 26), ACSSuTN (n ϭ 13), and ACSSuTKSxTmG (n ϭ 10).
Bacteriophage typing was performed in accordance with the methods of the Public Health Laboratory Service (PHLS), London, United Kingdom (1). The typing phages and scheme were kindly provided by PHLS. The pattern of lysis produced by infection with typing phages was recorded and designated in accordance with the standard scheme. UT indicates untypeable, which means that a tested strain was not lysed by any of the typing phages. RDNC indicates that a tested strain reacted with some of the typing phages but did not conform to any of the schemes. The results are summarized in Table 1 . Eightyeight isolates were identified as DT104. DT104B, DT104C, and DT104L, which are DT104-related types, were also identified (n ϭ 8, 2, and 1 isolates, respectively). Sixty-four of them were from human sources involved in five outbreaks and 19 sporadic cases of infection and were recovered between the years 1986 and 2000, and 35 were from nonhuman sources and were recovered between the years 1990 and 2000. Among the other isolates tested, DT193 (n ϭ 24 isolates, 20 from human sources) was predominant, as was UT (n ϭ 27 isolates, 14 from human sources). DT194 and phage type (PT) U302 were also identified (n ϭ 15 and 16 isolates, respectively) from both human sources (n ϭ 8 and 13 isolates, respectively) and nonhuman sources (n ϭ 7 and 3 isolates, respectively).
To obtain clues as to the genetic backgrounds of the isolates, PFGE and PCR for detection of class 1 integrons were applied. PFGE was carried out as described elsewhere (9) . All the isolates were analyzed by using restriction endonuclease BlnI (Takara, Shiga, Japan). Electrophoresis was performed with a 1% agarose gel by using a CHEF-DR II apparatus (Bio-Rad Laboratories, Hercules, Calif.) in 0.5ϫ TBE (Tris-borate-EDTA) buffer at 6 V/cm and 4°C. A linearly ramped switching time from 5 to 50 s was applied for 21 h. DT104-related isolates showed PFGE patterns similar to each other, even though they were from various sources in terms of years and locations of isolation. Sixty-four and 26 isolates showed patterns quite similar to those depicted in Fig. 1 , lanes 17 and 16, respectively, of which 53 and 23, respectively, showed patterns indistinguishable from those in Fig. 1 , lanes 17 and 16, respectively. U.S. strains, kindly provided by the Centers for Disease Control and Prevention (Atlanta, Ga.), also showed patterns indistinguishable from that in Fig. 1 , lane 16 (data not shown). On the contrary, the isolates of other PTs showed multiple patterns different from those of the DT104-related isolates, which might reflect variations in their origins. For detection of class 1 integrons, primers whose sequences comprised the consensus sequences of class 1 integrons were used (primers intI-F [5Ј-GGCATCCAAGCAGCAAGC-3Ј] and intI-R [5Ј-AAGCAGACTTGACCTGAT-3Ј]) (4, 7). Amplification was carried out in 25-l reaction mixture with a boiled bacterial suspension with 200 M (each) deoxynucleotide triphosphate, the primer pairs at concentrations (each) of 0.4 M, Taq buffer (Qiagen, Hilden, Germany), and 1 U of Taq DNA polymerase (Qiagen). The PCR was run at 93°C for 30 s, 55°C for 30 s, and 72°C for 30 s for 35 cycles. The reaction mixture was separated on a 1% agarose gel in 1ϫ TAE (Trisacetate-EDTA) buffer. Isolates harboring the typical DT104-like integrons are expected to show bands with sizes of approximately 1.0 and 1.2 kb (3). All the DT104, DT104B, DT104C, and DT104L isolates were positive for DT104-like integrons (Table 1 and data not shown). Furthermore, 6 of 16 PT U302 isolates were positive, whereas 4 were from humans with sporadic infections and 2 were from nonhuman sources. They were considered DT104 related since they had PFGE patterns similar to those of DT104 strains, especially in bands more than 50 kb in size (Fig. 1, lanes 1 to 6) as well as resistance types, as described below, and since PT U302 strains were previously referred to as being DT104 related (3). In contrast, isolates of all of the other PTs were negative for DT104-like integrons. These results suggest that DT104-related isolates from various years and areas in Japan harbor the resistance locus typical for the DT104 strain, while the others did not.
The resistance types of 105 DT104-related isolates were characteristic; ACSSuT, the typical DT104 resistance type, was the most predominant (n ϭ 90 isolates, including 4 PT U302 isolates; 60 were from human sources), followed by ACSSuTN (n ϭ 9 isolates, isolated from 1997 to 1999; 7 were from human sources) and ACSSuTK (n ϭ 4 isolates, isolated in 1995, 1996, and 2000, including 2 PT U302 isolates and 1 DT104 isolate from human sources). All of the isolates with the ACSSuTN resistance type and three of the isolates with the ACSSuTK resistance type had PFGE patterns quite similar to or indistinguishable from those shown in Fig. 1, lanes 16 and 17, despite differences in their resistance types ( Fig. 1 and data not shown) . We found that the resistance to these additional antibiotics, nalidixic acid or kanamycin, was associated with point mutations (S83F, n ϭ 3; D87G, n ϭ 5; and D87N, n ϭ 1) in the gyrA gene, which encodes the A subunit of gyrase and which is responsible for quinolone resistance (5, 16) , or plasmids (approximately 2 kb [n ϭ 2] and 70 kb [n ϭ 2]), respectively; such mutations might be acquired during spreading of the isolates (data not shown).
Among the other resistance types, types ACSSuTK (n ϭ 22 isolates), ASSuTK (n ϭ 13 isolates), and ACSSuTKSxTmG (n ϭ 10 isolates) were frequently detected. Fifty-three of the 116 isolates not related to DT104 had resistance types that included ACSSuT. However, they were negative for the DT104-like integron (Table 1 ) and showed multiple PFGE patterns different from those of the DT104-related isolates ( Fig. 1 and data not shown). Furthermore, a variety of plasmid profiles and other kinds of class 1 integrons could be detected in preliminary experiments, which might account for the resistance types of these isolates.
In Japan, nearly 200 isolates of S. enterica serovar Typhimurium are recovered each year, with these isolates accounting for approximately 3% of Salmonella isolates detected from human sources at local public health institutes. Although the number of cases of S. enterica serovar Typhimurium infection has decreased and is much less than the number of cases of S. enterica serovar Enteritidis infection, the latter of which accounts for 45 to 60% of Salmonella infections in Japan, serovar Typhimurium still ranks high as a cause of Salmonella infections (12) . The number of the cases of infection caused by S. enterica serovar Typhimurium DT104 is low at present; however, the frequency of identification of DT104 seemed to increase gradually during the 1990s (10, 14) . As the resistance types and PFGE patterns of the DT104-related isolates tested in the present study are quite similar to each other, clonal serovar Typhimurium DT104 strains appear to be spreading to Japan, acquiring resistance to additional antibiotics such as quinolones or kanamycin. On the other hand, a variety of multidrug-resistant strains of serovar Typhimurium other than DT104, which seem to have origins different from those of DT104 strains, have prevailed in Japan. It would be important to survey further the occurrence of resistance types, PTs, and genotypes of serovar Typhimurium strains in Japan as well as other countries in order to learn how they change.
